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Abstract. Hemoglobin E/p-thalassemia (HbE/f-thalassemia) is the most important
type of thalassemia in northeastern Thailand. Serious complications of the disease
are associated with iron overload and the consequences of oxidative damage to
various organs, especially the cardiovascular system. Endothelial dysfunction is
an important predictor for the long-term outcome of the disease. In this study, 19
patients with HbE/B-thalassemia (aged 12.9 + 2.8 years) and 18 healthy controls
(aged 11.8 + 1.6 years) were enrolled and their oxidant and antioxidant status
was determined. Their vascular endothelial function was assessed by ultrasono-
graphic measurement of flow-mediated dilation (FMD) of the brachial artery. The
thalassemia patients were found to have higher levels of oxidative stress (based
on plasma levels of malondialdehyde and protein carbonyls) and significantly
reduced antioxidant levels [based on levels of glutathione (GSH) in whole blood
(p<0.001)]. Thalassemia patients showed endothelial dysfunction as shown by
their FMD response during reactive hyperemia (p<0.001). The degree of impaired
FMD response was correlated with the age, hemoglobin levels and serum free
iron levels of subjects (p<0.05). In conclusion, the FMD response was reduced in
children with HbE/f-thalassemia and the degree of this reduction was correlated
with the severity of anemia. FMD can be used for clinical evaluation of endothe-
lial dysfunction, which could be an independent predictor of the cardiovascular
events of thalassemia patients.

Keywords: hemoglobin E/p-thalassemia, endothelial dysfunction, flow-mediated
dilatation, iron overload, oxidative stress, Thai children

INTRODUCTION

Beta-thalassemia (B-thalassemia) is
a common inherited blood disorder that
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is caused by reduced or absent synthe-
sis of the p-globin chain of hemoglobin
(Weatherall, 1998). p-thalassemia can be
co-inherited with hemoglobin E (HbE),
another B-globin gene variant, resulting
in a compound heterozygote state known
as HbE/B-thalassemia. HbE/B-thalassemia
is the most common hemoglobinopathy in
Southeast Asia and the Indian subconti-
nent. Clinical manifestations vary among
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patients, ranging from blood transfusion-
dependent thalassemia major to clinically
asymptomatic individuals (Wasi et al,
1985; Fucharoen and Winichagoon, 1997;
Fucharoen et al, 2004). In Thailand, the in-
cidence of the pB-thalassemia trait is about
7% throughout the country, whereas the
HbE trait is about 17% in most regions,
except for the northeast region where the
incidence of the HbE trait is as high as
50%-70% (Fucharoen and Winichagoon,
1997; Nuntakarn et al, 2009; Riewpaiboon
et al, 2010; Yamsrti et al, 2010). Therefore,
HbE/p-thalassemia is highly prevalent in
the Northeast of Thailand.

Oxidative stress is evident in thalas-
semias (Weatherall, 1998). Reactive oxy-
gen species (ROS) are excessively formed
primarily by auto-oxidation of the globin
chains, which may be enhanced by the
free heme and iron overload (Shinar and
Rachmilewitz, 1990; Olivieri, 1999; Rund
and Rachmilewitz, 2005). The clinical
features observed in HbE/B-thalassemia
patients result from chronic anemia and
iron overload conditions (Fucharoen and
Winichagoon, 1997). Severe thalassemia
is manifested as cardiovascular complica-
tions, endocrinopathies and liver disease
(Olivieri, 1999; Fucharoen et al, 2000;
Cunningham et al, 2004). Although iron
chelation therapy improves prognosis,
cardiovascular risk remains high in this
population, and overt symptoms usually
occur after puberty (Cunningham et al,
2004).

Previous studies have shown that
thalassemia patients are afflicted with
systemic inflammation, hemodynamic
alteration and endothelial dysfunction
(Aggeli et al, 2005; Butthep et al, 1995, 2004;
Detchaporn et al, 2012). Deterioration of
endothelial function is an early event in
the development of cardiovascular dis-
eases; therefore, it is a good prognostic
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marker for prevention and treatment of
cardiovascular complications (Vita and
Keaney, 2002; Verma et al, 2003; Halcox
et al, 2009).

Several non-invasive techniques for
evaluation of endothelial function have
been developed in the past decade (Tou-
soulis et al, 2005). Flow-mediated dilation
(FMD) of the brachial artery using high-
resolution ultrasonography is a common
and broadly applied method for evaluat-
ing endothelial function (Moens et al, 2005;
Tousoulis et al, 2005). FMD is designated
as an endothelium-dependent process that
reflects the relaxation of a conduit artery
when exposed to increased flow and,
thereby, increased shear stress (Moens
et al, 2005). Until now, endothelial func-
tion assessment using the FMD method
has been done mostly on adult patients
(Cheung et al, 2002; Aggeli et al, 2005;
Aessopos et al, 2007). Therefore, the aim
of the present study is to investigate the
endothelium-dependent vasodilator func-
tion in children with HbE/B-thalassemia
using a non-invasive FMD technique.

MATERIALS AND METHODS

Study population

The study population consisted of 19
child patients with HbE/p-thalassemia,
aged 8-18 years (median age, 12 years)
and 18 healthy school children, aged
9-14 years (median age, 12 years) acting
as sex-matched controls. The healthy
control subjects were screened by physi-
cal examination and hematologic tests.
Children with HbE/B-thalassemia who
attended the Pediatric Hematology Clinic
in the Srinagarind Hospital, Khon Kaen
University were enrolled in this study.
A diagnosis of HbE/B-thalassemia was
made based on hemoglobin typing and
genetic analysis. These patients received
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regular blood transfusions at 3-4 week
intervals and were treated with iron
chelation therapy (desferioxamine). The
patients have received regular medical
checkups in the hospital and have no overt
complications such as heart disease, renal
disease, liver cirrhosis or thyroid disease,
as evaluated by physical examination and
routine laboratory tests.

The study was approved by the Hu-
man Ethics Committee of Khon Kaen
University (HE461012) and conducted in
accordance with the Declaration of Helsin-
ki. Written informed consent was obtained
from all participants and their parents
before participating in the study. All of
the parameter measurements were done
on the same day before receiving a blood
transfusion to avoid potential confound-
ing effects on the assessment results. Body
weight and height were measured, and
body mass index was calculated. Blood
samples for biochemical assessments were
obtained from patients and controls after
8-hour overnight fasting.

Biochemical assays

Biochemical markers in blood sam-
ples such as hemoglobin, iron indices,
lipid profiles were analysed in the Clinical
Laboratory Unit of Srinagarind Hospital,
Khon Kaen University. Malondialdehyde
(MDA), a lipid peroxidation product in
plasma, was measured using the thio-
barbituric acid assay method (Somparn
et al, 2007). Protein carbonyl, a protein
oxidation marker in plasma, was assessed
using dinitrophenyl-hydrazine reaction
as described previously (Somparn et al,
2007). Accumulation of nitrate and nitrite,
the oxidative products of nitric oxide
(NO), was measured in plasma using the
method described previously (Kukong-
viriyapan et al, 2008). Glutathione (GSH)
in the blood was determined spectropho-
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tometrically, again following a previously
described method (Detchaporn et al, 2012).

Measurement of flow-mediated dilation of
the brachial artery

FMD was accomplished according
to the guidelines for ultrasound assess-
ment of endothelium-dependent FMD of
the brachial artery (Corretti et al, 2002).
FMD was performed with a high resolu-
tion ultrasound system (Aloka Prosound
SSD-3500, Ontario, CA) with the use of an
8.0 MHz linear array transducer by one
experienced operator, who was blinded
to the identity of the study subjects. The
method of FMD is reproducible, with a
coefficient of variation for repeated mea-
surements of the brachial artery diameter
of about 2%-3%.

Before FMD measurement, subjects
were rested in a supine position for at
least 15 minutes in an air-conditioned
room with constant ambient temperature
(25°C). Blood pressure and pulse rate of
the subjects were measured using an auto-
matic digital sphygmomanometer (Riester
Ri-Champion, Jungingen, Germany) with
a blood pressure cuff of appropriate size
placed around the right upper arm for all
study subjects. FMD was assessed using
a high resolution ultrasound system as
previously described (Sorensen et al, 1995;
Cheung et al, 2002). Briefly, a non-inflated
blood pressure cuff was placed around the
right upper arm of the prone subject. The
right brachial artery was scanned with B-
mode ultrasound in longitudinal sections
2-3 cm above the elbow. Depth and gain
settings were adjusted to obtain an opti-
mal visualization of the lumen-arterial
wall interface and the transducer position
was kept constant during each study.

After baseline measurements of the
brachial artery were recorded, the cuff was
placed proximal to the section of brachial
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Table 1
Comparison of demographic data, clinical parameters and hematologic profiles of
patients and controls.

Controls Patients
(n=18) (n=19)

Gender, male:female 8:10 10:09
Age (year) 11.8+1.6 129+28
Weight (kg) 36.9+9.4 31.5 £ 8.1°
Height (cm) 144.1+£9.5 1419 +£15.3
BMI (kg/m?) 17.5+2.8 15.4 £1.92
Systolic blood pressure (mmHg) 104.7 £11.7 107.8 +7.1
Diastolic blood pressure (mmHg) 574+7.7 574 +52
Mean arterial pressure (mmHg) 731+£79 741148
Heart rate (beats/min) 83.9+9.8 90.3 + 8.8?
Hemoglobin (g/d1) 135+ 0.6 7.5 £1.0°
Serum ferritin (ng/ml) 58.2 £22.5 2,323.5 +1,811.0°
Serum iron (ug/dl) 85.5+37.2 144.7 +32.1b
Serum TIBC (ug/dl) 329.7 £49.5 181.30 +27.8b
Transferrin saturation (%) 26.6 £12.1 77.46 +9.0b
Total cholesterol (mg/dl) 156.1 +28.3 100.9 +22.2b
Triglyceride (mg/dl) 117.7 £50.3 137.2 £40.9
LDL-C (mg/dl) 80.4+31.1 53.9 +20.02
HDL-C (mg/dl) 52.0+14.5 19.6 + 4.6°

Data are mean + SD. 2p<0.05, ’p<0.001 vs healthy controls. BMI, body mass index; TIBC, total iron-
binding capacity; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-

cholesterol.

artery, inflated to 220 mmHg, and kept at
the same pressure for 5 minutes to create
forearm ischemia. Subsequently, the cuff
was rapidly deflated, and the arterial
diameter scanned continuously for 120
seconds after cuff deflation. The mean
diameter of the brachial artery both pre-
and post-reactive hyperemia was calcu-
lated from 3-4 cardiac cycle co-incidence
with the R wave on the ECG. FMD was
expressed as the percentage change of
the internal diameter of the brachial ar-
tery from the baseline to post-reactive
hyperemia.

Statistical analysis
Data are presented as mean * stan-
dard deviation (SD). Statistical com-
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parison between the control and patient
groups was performed with the Student’s
t-test or Wilcoxon rank-sum test. Pearson
correlation analysis was used to deter-
mine relationships between the different
parameter measurements. All statistical
analyses were performed using Stata
version 7 (Stata Corp, College Station,
TX). Results were considered statistically
significant at a p-value <0.05.

RESULTS

The demographic characteristics, clini-
cal parameters and hematologic profiles
of the study subjects are summarized in
Table 1. The average age of the controls
and patients were 11.8 and 12.9 years, re-
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Fig 1-Oxidative stress and antioxidant markers in the patients and control subjects. Data are mean +
SD. *p< 0.001 vs healthy controls. MDA, malondialdehyde; GSH, glutathione; GSSG, oxidized

glutathione.

spectively. The HbE/f-thalassemia patients
had significantly smaller body size (p<0.05;
Table 1). The systolic, diastolic and mean
arterial pressure did not differ between
the two groups, whereas the heart rates of
the patients were significantly higher than
those of the controls (Tablel), suggesting
a compensatory mechanism for anemia
in the patients. The thalassemia patients
had a lower hemoglobin level in the blood
(p<0.001) and higher serum iron indices, in-
cluding ferritin, free iron, total iron binding
capacity (TIBC) and transferrin saturation
(p<0.001; Table 1). Furthermore, serum
levels of total cholesterol, low density
lipoprotein-cholesterol (LDL-C) and high
density lipoprotein-cholesterol (HDL-C)
were significantly lower in the patients
compared to the controls (p <0.001, Table 1),
although the serum triglyceride levels were
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not different between these two groups.

Fig 1 shows the oxidant and antioxi-
dant markers and the nitrate/nitrite levels
in the patients and the control subjects.
The thalassemia patients were exposed
to oxidant stress conditions as shown by
the higher MDA and protein carbonyls
levels in plasma. Correspondingly, the
blood antioxidant GSH levels and the
redox ratio of the reduced GSH to GSH
disulfide (GSH/GSSG) of the patients were
markedly lower than those of the controls
(p<0.001, Fig 1). The plasma nitrite/nitrate
levels were not different between the two
groups (Fig 1).

Data of the vascular endothelial func-
tion assessed by the FMD method are
shown in Fig 2. The baseline brachial ar-
tery diameters were not different between
the patients and controls (3.16 + 0.27 vs
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Fig 2-Brachial artery diameter at baseline and percent change of the FMD during reactive hyper-
emia in patients and control subjects. Data are mean + SD. *p<0.001 vs healthy controls. FMD,

flow-mediated dilation.
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Fig 3-Partial-regression leverage plots of the individual predictors to FMD in all subjects. The plot
of each predictor to the response of FMD adjusted by the other predictors including age, BMI,
hemoglobin level and serum iron.
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3.28 + 0.50 mm, Fig 2). The FMD changes
during reactive hyperemia, expressed as
the percentage change of the brachial ar-
tery diameters from the baseline, were sig-
nificantly lower in the patients compared
with the controls (p<0.001, Fig 2). Multiple
regression analysis was performed for all
subjects to identify independent predic-
tors for the change in FMD. The partial
regression leverage plots are shown in Fig
3. Age, blood hemoglobin level and serum
iron level were the significant predictors
of the FMD (p<0.05, Fig 3) after adjust-
ment with BMI and the other parameters.

DISCUSSION

The present study demonstrates vas-
cular endothelial dysfunction, increased
oxidative stress and decreased anti-
oxidant GSH capacity in young patients
with HbE/B-thalassemia. Moreover, we
found that the defective vascular dilation
response during FMD in pediatric thalas-
semia patients was correlated with the
levels of hemoglobin and free iron, sug-
gesting endothelial dysfunction is related
to the severity of the disease.

Endothelial dysfunction is a hallmark
of a number of diseases and is, at least in
part, reversible with appropriate treat-
ment. Early detection is therefore impor-
tant for the prognosis (Verma et al, 2003).
In thalassemia, an iron overload leads to
toxicity in many organs, including the
cardiovascular system, which is a leading
cause of death of the patients (Hahalis
et al, 2005). Despite improved prognosis
with iron chelation therapy, cardiac mor-
tality and morbidity remain high in the
thalassemia patients (Kremastinos et al,
1995). Since endothelial dysfunction is
an important marker of the cardiovascu-
lar disease development (Corrado et al,
2008; Halcox et al, 2009), investigation
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of signs of changes of cardiovascular
function in young patients is of inter-
est. In the present study, young children
with thalassemia had a clear impairment
of endothelial function as shown by a
marked decrease in FMD during reactive
hyperemia, which is assumed to be associ-
ated with reduced NO bioavailability. The
most likely mechanism of reduced NO
bioavailability is the interaction of NO
with ROS, specifically superoxide (O,").
Inactivation of NO by O, contributes
to oxidative stress (Moncada and Higgs,
2006). Increased oxidative stress was
found in all thalassemia patients as shown
by increased MDA and protein carbonyls
levels, which represent lipid peroxidation
and oxidative modification of proteins.
Moreover, decreased cellular GSH and
reduced redox ratio of GSH/GSSG, were
also seen in these patients. In agreement
with previous reports concerning adult
patients (Livrea et al, 1998; Morales et al,
2006), decrease of total cholesterol, LDL-
C and HDL-C were also noted in young
thalassemia patients, confirming a deple-
tion of cholesteryl ester resulting from a
direct effect of oxidative damage.

A recent study by Suvachananonda
et al (2013) demonstrated that the eryth-
rocyte nitrite level, not the plasma nitrite
or nitrate level, was inversely correlated
with the plasma hemoglobin and lactate
dehydrogenase levels in children with
HbE/B-thalassemia, indicating decreased
NO bioavailability is resulted from in-
creased NO consumption in plasma and
oxidative stress. In agreement with this,
we also found that the plasma nitrite/
nitrate levels in thalassemia patients
were not decreased, but its biological
activity may be diminished as a result
of overproduction of ROS in the blood
cells (Kukongviriyapan et al, 2008). It has
been demonstrated that ROS generated in
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thalassemia are derived mainly from the
iron-catalyzed Fenton reaction and auto-
oxidation of the globin chain (Shinar and
Rachmilewitz, 1990). Moreover, we found
that serum iron was inversely correlated
with the FMD response, so that free iron
is one of the predictors of endothelial
dysfunction.

Chronic anemia in thalassemia pa-
tients causes a hyperdynamic circulation
with increased cardiac output and de-
creased peripheral resistance (Aessopos
et al, 2004).

The patients showed a low level of he-
moglobin with increased heart rate, which
suggests a compensatory mechanism
for anemia to maintain blood pressure
(Aessopos et al, 2004; Kukongviriyapan
et al, 2008). Moreover, the present results
showed that endothelial dysfunction
is prominent in patients with clinically
severe anemia and severe iron overload.

In conclusion, our study provides
evidence of endothelial dysfunction in
young patients with HbE/B-thalassemia.
Impairment of endothelial function is as-
sociated with anemic states and the iron
status of the patients. Assessment of endo-
thelial function may be useful as a prog-
nostic marker for the HbE/B-thalassemia
patients. A study in a large number of
young patients using the FMD method is
needed to support this contention.
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